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Abstract The response of tobacco plants genetically
engineered with the AtTPS1 gene to stress induced by
excess Cu and Cd was evaluated in hydroponic solution
(100 and 400 lM Cu and 50 and 200 lM Cd) after a 48 h
exposure. Two transgenic lines, transformed with the
AtTPS1 (trehalose-6-phosphate synthase) gene from
Arabidopsis, with different levels of trehalose-6-phosphate
synthase expression (B5H, higher and B1F, lower), and a
wild type (WT) were investigated. Protein content, anti-
oxidative enzymes (CAT, POD, SOD, and APX), glucose,
fructose, lipid peroxidation, hydrogen peroxide and Cd and
Cu contents were determined in leaves. The two transgenic
lines were differently influenced by Cd and Cu exposure as
they induced a different antioxidant enzymatic defense
response. B1F and B5H plants showed a better acclimation
to Cd and excess Cu compared to WT. Furthermore B1F
was more tolerant than B5H to Cd and excess Cu. B1F
accumulated less Cd and Cu in leaves, probably due to a
more efficient exclusion mechanism. Catalase was shown
to be the most important enzyme in the antioxidative sys-
tem of these plants.
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Introduction
Heavy metal pollution is an important cause of abiotic
stress in plants that can limit crop productivity worldwide
(He et al. 2005). Consequently, to improve plant tolerance
to abiotic stresses to maintain productivity and plant pro-
duction is of paramount importance. However, for suc-
cessful development of new genotypes, it is essential to
fully understand the overall mechanisms by which plants
respond to a specific stress condition.
Plants exposure to toxic levels of heavy metals induce
changes in physiological, biochemical and molecular
mechanisms responsible for metal tolerance and acclima-
tion (Apel and Hirt 2004; Clemens 2006; Sharma and Dietz
2009). The antioxidative defense system (both enzymatic
and non-enzymatic) responsible for the removal of excess
reactive oxygen species (ROS) is a plant physiological
response that plays an important role in stress tolerance
(Mittler 2002; Grata˜o et al. 2005; Gill and Tuteja 2010).
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